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Viscosities of solutions of some common and tetraalkylammoniurn salts in DMSO have been
determined. The solution viscosity is found to be greater than the viscosity of the pure solvent.
For the common alkali metal iodides, the coefficientB of Jones and Dole viscosity equation de-
creases with the increasing size of the cation but for tetraalkylamrnontum iodides, B-values in-
crease with increase in radius of the R.N+ ion; it decreases slightly with the rise in temperature
for the salts having smaller cations but is nearly independent of ternper-ature for the tetranlkyl-
ammonium iodides. Both these observations indicate some electrostatic ion-solvent interaction
and solvation in the cases of alkali metal cations but the R.NI salts do not appear to influence the
structure of the solvent and remain unsotvated,
VISCOSITY of salt solutions has been usuallyemployed as a tool for studying ion-ionand ion-solvent interactionsv" in solution.
From a survey of Literature it appears that with
some exceptions like glycerol5-s, ethylene glycol5
and H2S04 (ref. 9), B coefficient of the Jones and
D01c viscosity Eq. (1),
[("t)-"tJo)/"t)oJ/yC =A + Bye ... (1)
in non-aqueous media is positive. Sornc conflicting
results have been reported in DMSO recently;
for example, Blokhra and Parmar-? gave the value
of the coefficient B for CsI in DlVISOas -1·2 at 25°
whereas the value reported by Archer and Gasser-!
for this system was +0'68. In view of these
contradictory results it appeared desirable to re-
examine the problem for a better insight into the
ion-solvent interaction in DMSO. Hence viscosity
of some R4NI and common salts in DM.SO has
been determined and data analysed using Jones
and Dole viscosit y equation.
Materials and Methods
Dimethylsulphoxide (Fluka) was kept on freshly
ignited quicklime overnight, refluxed for several
hours and then distilled under reduced pressure.
The middle fraction, dist.illing at 48° (about 70%
of the initial charge), was retained. The process
was repeated and the fraction collected was stored
in dark coloured bot.t lcs in a dry box. The electrical
conductivity of the finally purified sample was
about 10-7 mho or less which did not change appre-
ciably for about a week. The salts used were puri-
fied in the usual m.mncr, dried and kept in a vacuum
desiccator over P205. Solutions were prepared
on weight basi" and volume concentration was
obtained from the corresponding density data.
Transfer of the solvent and solutions was dune
inside a dry box. Derr.ity and viscosity at various
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temperatures were measured in a thermostat. The
experimental procedure and the precautions taken
were the same ac; described earl ius.
From the density and the time of flow, the viscositv
of the solutions and hence the specific viscosity,
IjJ = ("t)-'Y)o)/"tJo, was calculated (no kinetic energy
correction was funnel neces- ary).
Results and Discussio n
Typical '¥ IyC vs yC curves at various tempe-
ratures are given in Fig. 1. Other salts more or
less gave similar curves.
Density and viscosity of pure DlVISOat different tem-
peratures between 25° and 55° are given in Table 1.
The viscosity data are reproducible within ± 0·3%.
The almost linear nature of the ~/yC versus «c
curves for all the salts studied here clearly indicates
the applicability of the Jones and Dole Eq. (1)
for the presently studied systems.
The intercept on the ordinate and the slope of
the '¥ I yC vs yC curves give, respectively, the coeffi-
cients A and B of Eq. (1). The values of A and B,
thus obtained for various salts at different tempe-
ratures, are given in Table 2. The calculated B
values are found in acceptable agreement with
those obtained from these plots. TE-mperature
coefficient of viscosity (-l1rJ!l1t) has been calculat-
eel at different concentrations in temperature range
35-55°. These values for the common and R4NI
salts between 35° and 55° and 45° and 55°, at two
different concentrations, are given in Table 3 to
denote the nature of change.
A values ~ In general, the magnitude of A values
for common salts appears to be smaller than that
for R4NI tetraalkylarnmonium iodides (Table 2).
As A denotes ion-ion interaction, the results appear
unexpected since smaller ions should have large
A values due to high charge density on them.
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However, interpenetration effect (cation-cation12-15
and cation-anion15,16) which also brings ions together,
may be responsible for the larger values of A for
R4N+ ions,
H may also be noted that A decreases with rise
in temperature for all the salts studied here which
one should expect in view of more violent thermal
agitation at higher temperature and reduction of
attractive forces. Since A is a measure of ion-ion
interaction which assumes significance in very
dilute solutions and data reported here are for
higher concentrations, it would be unwise to make
further comments on these A values.
Coefjicien,tB and its dependence on temperature-
B values are positive for all the saIts studied here
(Table 2). This observation is in contrast to the
reported negative B values* for KCNS, CsI, NH4CI
TABLE 1 - VISCOSITY AND DENSITY OF DMSO AT DIFFERENT
TEMPERATURES
Temp.
°C
Density
(g/ml)
1'0968*
1,0919
1,0855
1·0803
1,0754
1·0706
1·0643
Viscosity
(cp)
1'988t
1,827
1·656
1·519
1·402
1,289
1·981
25
30
35
40
45
50
55
Fig. 1 - 'r'/VC versus '\Ie curves for (A) tetra-n-butyl-
ammonium iodide 80"<1. (B) potassium iodide in DMSO at
different temperatures
*d2°=1'1014 for DMSO. [Viscosity at 25°= 1'98.
TABLE 2- VALUES OF COEFFICIENTS A AND B IN Eg. (1)
Salts Cone. 35° 40° 45° 50° 55"
A VALUES IN DMSO
Lil 0·17 0·010 0,001 -0'005 -0·010 -0·015
Nal 0·16 -0·015 -0·020 -0,030 -0,040 -0·045
KI 0·16 -0·015 -0'025 0·035 -0,043 -0,050
RbI 0,16 0·036 0,028 0·022 0·012 0·006
CsI 0·18 0,068 0·060 0·056 0·052 0·048
NI-I.I 0·20 0·012 0·008 0·004
Me.N' I 0,03 0·012 0·017 0·021 0'007 0·001
Et.~n 0·06 0·030 0·046 0'054 0'04 0·040
Pr.NI 0'08 0·155 0·140 0'125 0·115 0·105
Bu.NI 0·05 0·305 0·260 0,215 0,175 0·140
Pen.NI 0·06 0·070 0·050 0·030 0·015 0·003
B VALUES IN DMSO
Lil 0,17 0·74 0·73 0,72 0,72 0·71
Nal 0,16 0·72 0·72 0·71 0·71 0·70
KI 0,16 0·72 0·72 0·71 0·70 0,70
RbI 0,16 0,53 0,52 0,50 0·49 0:49
CsI 0·18 0·36 0·35 0·34 0·34 0·34
N'H.I 0'20 0·55 0,53 0'51 0·49 0·48
Me.NI 0·03 0·45 0·44 0·44- 0·43 0·43
Et.NI 0,06 0·74 0·73 0,73 0·72 0·72
Pr.NI 0'08 0·30 0·31 0·30 0·32 0·33
Bu.NI 0'05 1·20 1·20 1·21 1·22 1·21
Pen.NI 0·06 1-43 t ·45 1·44 1-45 1--1-4
*The study of Blokhra and Parmer is confir ed to very dilute solutions; it may be recalled that negative B values
have been reported in this region for many salts in a number of highly hydrogen-bor ded solvents,
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TABLE 3 - TEMPERATURECOEFFICIENTOFVISCOSITY( -:'''1)
FOR THE VARIOUS SALTS IN DMSO AT DIFFERENT
CONCENTRATIONS
Salt Cone. (-~~) (-~~)
Cxl00 ---xt X100 -xl X100
(35-55°) (45-55°)
4·040 2·66 2-13
11·560 2-84 2'23
2·402 2-62 2-10
9'302 2·78 2'21
9'613 2·77 2'19
16,052 2'92 2'29
11'223 2·78 2'25
16·053 2'90 2'28
6'248 2·66 2·16
18'492 2'84 2·28
6'502 2'67 2-16
14·441 2-82 2'26
1'588 2'53 2·07
3'062 2'54 2-10
2'890 2'51 2·10
5·760 2·53 2·14
1'513 2·65 2·12
3'349 2-80 2'16
1'210 2'80 2'22
3·422 2·97 2·44
1'040 2-65 2'11
2'190 2·71 2-17
Lil
NaI
KI
RbI
est
and NH4Br in DMSO by Blokhra and Parmar 10.
It may be mentioned that the negative B values
in non-hydrogen-bonded solvents are rather unusual
as in such cases no net structure-breaking in the
presence of ions can be easily visualized.
The B coefficient for common salts decreases
slightly with the rise in temperature; this is specially
noticeable in salts with smaller cations. However,
for the R4N1, it is almost constant. This indicates
that small common cations are net structure forming
due to strong electrostatic ion solvent interaction
and resulting solvation; the larger R4N+ ions,
however, do not appreciably affect the solvent
structure around them.
Dependence of B on radius of the cation - It may
be noted from Table Z that for the salts containing
R4N+ ions, B values are lower for smaller cations,
indicating that the electrostatic ion-solvent inter-
action, if at all present, is very weak in these cases
and resistance to the movement of the ion in solution
depends upon the size (i.e. radius) of the bare ion
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only. Reverse appears to be the case with the
common salts for which B decreases with increasing
size of cation. Apparently, the high charge density
on the small common cations gives rise to strong
eJectrostatic ion-solvent interaction in solution,
i.e. the smaller the ion, the stronger the ion-solvent
dipole interaction and hence the larger the size of
the solvated ion in solution. This fact thus supports
the conclusions arrived at from dependence of B
on temperature and from conductance'? and trans-
port number-" measurements.
Temperature coefficient of viscosity - It may be
observed from the data in Table 3 that temperature
coefficient of viscosity increases (more negative)
with increasing concentration and decreases (less
negative) with rise in temperature for all the salts
studied here as one should expect in view of the
larger values of 1) at higher concentrations and low
temperatures.
Summarizing the results of the present investi-
gation, it appears that while smaller cations like
alkali metal ions appear to be somewhat solvated
in DMSO, the larger R4N+ ions are not, a result
supported by the studies-" on transport number of
ions in DMSO.
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